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( 57 ) ABSTRACT 
The invention provides various designs of an apparatus and 
method for attemperating a gas stream temperature . The 
apparatus of the present invention provides a body through 
which a gas stream passes that permits , as desired , a second 
gas , such as gas outside of the gas duct or such as ambient 
air , to be added to the main gas stream to attemperate the 
temperature of the main gas stream . The body or device may 
be referred to as a variable eductor having a plurality of 
openings through which a second gas may pass into the main 
gas stream . The openings may be opened or closed , and the 
variable eductor provides control over which openings and 
the degree to which each opening is opened . In some designs 
the variable eductor is inserted between two portions of a gas 
duct . The variable eductor has widespread application , such 
as downstream of a gas turbine to attemperate the exhaust 
gas temperature during startup . 
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APPARATUS AND METHOD FOR 
CONTROLLING A GAS STREAM 
TEMPERATURE OR RATE OF 
TEMPERATURE CHANGE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[ 0001 ] The invention in its various embodiments relates 
generally to an apparatus and method for attemperating or 
controlling the temperature of a gas stream . In particular , the 
invention in its various embodiments relates to a variable 
eductor that provides for the addition of a gas to an existing 
gas stream to attemperate or control the temperature of the 
gas stream , such as the temperature of an exhaust gas stream 
from a gas turbine prior to entering a heat recovery stream 
generator , for example , during startup . 

Description of Related Art 
[ 0002 ] In many industrial applications , gas streams have 
extremely high temperatures , resulting in thermal stress to 
infrastructure transporting these gas streams , including , but 
not limited to , metal pipes , metal casings , and the like . For 
example , during startup of a gas turbine , exhaust gas tem 
peratures exiting the gas turbine into the heat recovery 
stream generator ( HRSG ) may climb to almost 1000 ° F. in 
less than two minutes . This temperature rise can result in a 
significant thermal stress event for the HRSG casing and 
internals . These steam temperature excursions during startup 
have also had a negative impact on the piping and steam 
turbine components . Moreover , the demand for flexible 
operation has resulted in combined - cycle units being sub 
jected to an unprecedented number of startup cycles that 
were not anticipated in the original plant design , thus 
increasing the number of thermal stress events for the 
HRSG . 
[ 0003 ] Therefore , it is desirable to have a means of con 
trolling the temperature of a gas stream , for example by 
reducing the temperature of the gas stream , as well as 
controlling the rate of temperature change of a gas stream . 
For example , it is desirable to control the temperature and 
the rate of temperature increase of an exhaust gas stream 
from a gas turbine during startup and other transient opera 
tions or conditions to minimize thermal stress on the down 
stream HRSG . It is further desirable that such means of 
temperature control be easy to install and easy to operate , 
including installation as a retrofit for existing industrial 
infrastructure . Therefore , there is a need for an apparatus and 
method for using such an apparatus to control the tempera 
ture of a gas stream , for example by reducing the tempera 
ture of the gas stream , or to control the rate of temperature 
change of a gas stream the temperature of a gas stream , or 
both . 

will appreciate , there are many processes in which control 
ling a gas temperature or the rate of temperature change of 
a gas stream would be beneficial . Accordingly , the apparatus 
and method of the present invention has widespread appli 
cation . 
[ 0005 ] Generally , the apparatus of the present invention 
provides various embodiments or designs of a body or 
device through which a first or main gas stream passes and 
that permits , as desired , a second gas , such as gas outside of 
the gas duct or such as ambient air , to be added to the main 
gas stream to attemperate the temperature of the main gas 
stream . The body or device , which may be referred to as a 
variable eductor , is designed to pull gas , such as ambient air , 
from outside of a gas duct carrying a gas stream into the gas 
stream . As a result , given a temperature difference between 
the gas stream in the duct and the second gas pulled into the 
duct , the variable eductor can be used to adjust the amount 
of the second gas pulled into the duct to provide the desired 
temperature control of the gas stream in the duct . 
[ 0006 ] In one embodiment , the present invention provides 
an apparatus for controlling a temperature of a gas stream , 
comprising a first body having a first end and a second end 
and defining a passageway for passing a gas stream having 
a temperature from the first end to the second end , wherein 
the body defines at least one opening through which a 
second gas from outside of the passageway can pass into the 
passageway ; and at least one second body attached to the 
first body adjacent to the at least one opening that moves 
between a first position and a second position , wherein the 
at least one second body closes the at least one opening at 
the first position and opens the at least one opening at the 
second position , thereby permitting the second gas to pass 
through the at least one opening into the passageway to 
change the temperature of the gas stream . 
[ 0007 ] In some embodiments of the invention , the appa 
ratus has a body having a first end , a second end , and an 
outer surface defining a duct or passageway configured to 
permit a gas stream to pass through the body from the first 
end to the second end . The body has a plurality of openings 
located in the outer surface of the body and a corresponding 
plurality of shutters , one for each of the openings . Each of 
the shutters is movably connected to the outer surface such 
that each shutter can be opened into the gas duct , thereby 
creating lower pressure areas behind the shutters within the 
gas duct and consequently pulling a second gas , such as a 
gas from outside of a gas duct , through the corresponding 
opening and into the gas duct and the gas stream passing 
through the gas duct . It should be appreciated that each of 
the shutters can be operated independently and can be 
opened to varying degrees thereby providing control over 
the flow rate of the second gas through each opening . 
[ 0008 ] In another embodiment , the apparatus has a body 
that may be a sleeve that connects two ends of two separate 
gas ducts such that the gas stream passes from the first or 
upstream gas duct through the sleeve and into the second or 
downstream gas duct . In this embodiment , the sleeve is 
disposed around the outside of a gas duct providing the main 
gas stream and is sized larger than the outer dimensions this 
gas duct to create a gap or opening between the interior 
surface of the sleeve and the outer surface of the gas duct 
through which a second gas can pass into the main gas 
stream . The sleeve can slide or be moved back and forth 
along the gas duct . When moved toward the upstream gas 
duct , the interior of the sleeve creates a gas seal with the 

BRIEF SUMMARY OF THE INVENTION 

[ 0004 ) Generally , the invention comprises various 
embodiments of an apparatus and method for controlling the 
temperature of or attemperating a gas stream , for example by 
reducing the temperature of the gas stream or controlling the 
rate of temperature change of a gas stream , in which the 
change in temperature may be caused by any number of 
process conditions or operations , including startup or other 
transient conditions or operations . As one of skill in the art 
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a second gas temperature different from the first gas tem 
perature , and pulling the gas outside of said passageway into 
the passageway and into the gas stream , thereby changing 
the temperature of the gas stream . 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

upstream gas duct , thereby preventing a second gas from 
passing into the gas duct . When moved in the opposite 
direction the gas seal is removed thereby permitting the 
second gas to pass through the opening and into the gas 
stream . 

[ 0009 ] In another embodiment , the apparatus may be 
similar to the sleeve described above but instead the sleeve 
rotates about the gas ducts . In this case , a plate having a 
plurality of openings may be attached to the upstream gas 
duct and disposed at the entrance to the gap or opening 
created between the interior surface of the sleeve and the 
outer surface of the upstream gas duct . A similarly dimen 
sioned plate with a plurality of openings is attached to the 
sleeve and positioned adjacent to the plate attached to the 
outer surface of the upstream gas duct . The openings on both 
plates are positioned such that when the sleeve rotates , the 
plate attached to the sleeve will similarly rotate adjacent to 
the plate attached to the outer surface of the upstream gas 
duct . Depending upon the degree of rotation , the corre 
sponding openings on both plates may partially or com 
pletely align such that the openings are partially or com 
pletely open . Accordingly , the sleeve can be rotated to 
permit a certain amount of the second gas to pass through the 
openings between the interior surface of the sleeve and the 
outer surface of the upstream gas duct , through a gap 
between the sleeve and the outer surface of the upstream gas 
duct , into the gas stream passing through the sleeve , and 
ultimately into the downstream gas duct . 
[ 0010 ] In another embodiment , the apparatus may also be 
a sleeve having an attached plate or surface with a plurality 
of openings positioned radially around the plate as described 
above in connection with the sleeve that rotates ; however , in 
this embodiment , the sleeve is stationary during use . In this 
embodiment , shutters , similar to those described above , are 
used in connection with the openings in the plate and are 
controlled in a similar fashion to open , thereby permitting a 
second gas to be added to the gas stream passing through the 
gas duct . Also , similarly , it should be appreciated that each 
of the shutters can be operated independently and can be 
opened to varying degrees thereby providing control over 
the flow rate of the second gas through each opening . 
[ 0011 ] As described above , the apparatus of the invention 
can be used in a method to control the temperature of a gas 
stream or to control the rate of temperature change of a gas 
stream , either of which has widespread application . For 
example , in one embodiment , it is desirable to control the 
temperature or the rate of temperature increase , or both , of 
an exhaust gas stream from a gas turbine during startup and 
other transient operations or conditions to minimize thermal 
stress on a downstream heat recovery steam generator 
( HRSG ) . 
[ 0012 ] In some embodiment , the present invention pro 
vides a method for controlling a temperature of a gas stream , 
comprising passing a gas stream having a first gas tempera 
ture through a gas duct , wherein a portion of the gas duct 
comprises a first body having a first end and a second end 
and defining a passageway for passing the gas stream from 
the first end to the second end , wherein the body defines at 
least one opening , and at least one second body attached to 
said first body adjacent to the at least one opening to open 
and close the at least one opening ; moving the second body 
to open the at least one opening , thereby creating a gas 
pressure lower than a gas pressure of a gas outside of said 
passageway , wherein the gas outside of the passageway has 

[ 0013 ] FIG . 1 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to one embodiment of the present invention ; 
[ 0014 ] FIG . 2 illustrates the same perspective side view of 
the apparatus of FIG . 1 with the shutters in a closed position 
according to one embodiment of the present invention ; 
[ 0015 ] FIG . 3 illustrates a side view of equipment for 
operating the shutters according to one embodiment of the 
present invention ; 
[ 0016 ] FIG . 4 illustrates the gas flow through the appara 
tus of FIG . 1 during operation according to one embodiment 
of the present invention ; 
[ 0017 ] FIG . 5 illustrates the gas flow through the appara 
tus of FIG . 1 during operation according to another embodi 
ment of the present invention ; 
[ 0018 ] FIG . 6 illustrates the use of the present invention in 
conjunction with a gas turbine and a heat recovery steam 
generator ( HRSG ) ; 
[ 0019 ] FIG . 7 illustrates simulated performance of the 
apparatus and method of the present invention according to 
one embodiment of the present invention ; 
[ 0020 ] FIG . 8 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention ; 
[ 0021 ] FIG . 9 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention ; 
[ 0022 ] FIG . 10 illustrates a perspective end view of the 
apparatus for controlling a temperature of a gas stream of 
FIG . 9 according to one embodiment of the present inven 
tion ; 
[ 0023 ] FIG . 11 illustrates a perspective side view of the 
apparatus of FIG . 9 in an open position according to one 
embodiment of the present invention ; 
[ 0024 ] FIG . 12 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention ; 
[ 0025 ] FIG . 13 is a perspective side view of the upstream 
gas duct and the sleeve of FIG . 12 separated from each other 
according to one embodiment of the present invention ; 
[ 0026 ] FIG . 14 illustrates a perspective side view of the 
apparatus of FIG . 12 in an open position according to 
another embodiment of the present invention ; 
[ 0027 ] FIG . 15 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention ; 
and 
[ 0028 ] FIG . 16 illustrates a perspective side view of the 
apparatus of FIG . 15 in an open position according to 
another embodiment of the present invention . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0029 ] The present invention is more fully described 
below with reference to the accompanying Figures . While 
the invention will be described in conjunction with particu 
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lar embodiments , it should be understood that the invention 
includes alternatives , modifications , and equivalents . Accordingly , the following description is exemplary in that 
several embodiments are described ( e.g. , by use of the terms 
" preferably , " " for example , " or " in one embodiment " ) , but 
this description should not be viewed as limiting or as setting 
forth the only embodiments of the invention , as the inven 
tion encompasses other embodiments not specifically recited 
in this description . Further , the use of the terms “ invention , ” 
" present invention , ” " embodiment , ” and similar terms 
throughout this description are used broadly and are not 
intended to mean that the invention requires , or is limited to , 
any particular aspect being described or that such descrip 
tion is the only manner in which the invention may be made 
or used . 
[ 0030 ] Generally , the invention comprises various 
embodiments of an apparatus and method for controlling the 
temperature of or attemperating a gas stream , for example by 
reducing the temperature of the gas stream or controlling the 
rate of temperature change of a gas stream , in which the 
change in temperature may be caused by any number of 
process conditions or operations , including startup or other 
transient conditions or operations . As one of skill in the art 
will appreciate , there are many processes in which control 
ling a gas temperature or the rate of temperature change of 
a gas stream would be beneficial . Accordingly , the apparatus 
and method of the present invention has widespread appli 
cation . 

[ 0031 ] Generally , the apparatus of the present invention 
provides various embodiments or designs of a body or 
device through which a first or main gas stream passes and 
that permits , as desired , a second gas , such as gas outside of 
the gas duct or such as ambient air , to be added to the main 
gas stream to attemperate the temperature of the main gas 
stream . The body or device , which may be referred to as a 
variable eductor , is designed to pull gas , such as ambient air , 
from outside of a gas duct carrying a gas stream into the gas 
stream . In some embodiments , the variable eductor is used 
to create a pressure differential between a main gas stream 
flowing through a duct and a second gas , such as a gas 
surrounding the outside of the duct , to effect pulling the 
second gas into the gas stream flowing through the duct . In 
some embodiments , the variable eductor is used to take 
advantage of the velocity of the gas stream in the gas duct 
to pull a second gas , such as a gas surrounding the outside 
of the duct , into the gas stream . Accordingly , the variable 
eductor takes advantage of the velocity and lower pressure 
of the gas stream passing through the duct . In addition , the 
variable eductor is designed to provide control over the 
amount of the second gas that is pulled into the duct . As a 
result , given a temperature difference between the gas 
stream in the duct and the second gas pulled into the duct , 
the variable eductor can be used to adjust the amount of the 
second gas pulled into the duct to provide the desired 
temperature control of the gas stream in the duct . It should 
be appreciated that the apparatus of the present invention is 
more than an educator in that it also allows for the control 
or attemperation of the temperature of the gas stream 
flowing through the gas duct through the control of the 
amount of the second gas being pulled into the gas duct and 
into the gas stream . In some embodiments , this can be 
accomplished using ambient or atmospheric air as the sec 
ond gas without the need for complex equipment and with 
little to no increase in unit auxiliary load or additional 

required power requirements . In some embodiments , the 
variable eductor can be installed inline in a gas duct or 
retrofit into an existing gas duct . 
[ 0032 ] It should be appreciated that the variable eductor 
may be designed in various ways , some of which are 
described below , to accomplish the same purpose of pulling 
a certain amount of a second gas , such as a gas from outside 
of a gas duct , into the gas duct to control the temperature of 
the gas stream in the gas duct or to control the rate of 
temperature change of the gas stream in gas duct , or both . In 
some embodiments of the invention , the apparatus has a 
body having a first end , a second end , and an outer surface 
defining a duct or passageway configured to permit a gas 
stream to pass through the body from the first end to the 
second end . The body has a plurality of openings located in 
the outer surface of the body and a corresponding plurality 
of shutters , one for each of the openings . Each of the shutters 
is movably connected to the outer surface such that each 
shutter can be opened into the gas duct , thereby creating 
lower pressure areas behind the shutters within the gas duct 
and consequently pulling a second gas , such as a gas from 
outside of a gas duct , through the corresponding opening and 
into the gas duct and the gas stream passing through the gas 
duct . It should be appreciated that each of the shutters can 
be operated independently and can be opened to varying 
degrees thereby providing control over the flow rate of the 
second gas through each opening . It should be appreciated 
that this ability to independently control each of the shutters 
allows for the asymmetrical introduction of the second gas 
into the main gas stream , thereby providing control over the 
distribution or direction of flow of the second gas into the 
main gas stream and the ability to effect mixing with the 
main gas stream and the direction of flow of the main gas 
stream . For example , controlling which shutters are opened 
and closed and to which degree allows for the introduction 
of the second gas into the main gas stream to vector the flow 
of the main gas stream upwards , downwards , or even 
laterally , with the main gas duct . It should also be appreci 
ated that the orientation and shape of the openings and 
shutters may be used to control the direction of flow of the 
second gas into the main gas stream , thereby effecting 
mixing and control over the direction of flow of the main gas 
stream . Each of the shutters can also be closed , thereby 
preventing the second gas from passing through the corre 
sponding openings and into the gas duct and gas stream . In 
this manner of opening and closing the shutters , the appa 
ratus allows a controlled amount of the second gas to be 
added to the gas stream passing through the gas duct . By 
using a second gas having a different temperature , the 
temperature of the gas stream in the gas duct can be 
controlled based upon the flow rate of the second gas . It 
should be appreciated that in some embodiments , the ori 
entation of the shutters or the corresponding openings may 
be designed to provide a certain direction of gas flow into the 
gas duct , such as having the second gas flow straight into the 
gas duct or in a parallel direction to the gas flow of the gas 
stream in the gas duct or having the gas flow at an angle into 
the gas duct thus creating a spiral flow of the gas being 
pulled into the gas duct . 
[ 0033 ] In another embodiment , the apparatus has a body 
that may be a sleeve that connects two ends of two separate 
gas ducts such that the gas stream passes from the first or 
upstream gas duct through the sleeve and into the second or 
downstream gas duct . In this embodiment , the sleeve is 
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disposed around the outside of a gas duct providing the main 
gas stream and overlaps that gas duct by a given length . In 
particular , the upstream end of the sleeve is sized larger than 
the outer dimensions of the upstream gas duct to create a gap 
or opening between the interior surface of the sleeve and the 
outer surface of the upstream gas duct through which a 
second gas can pass into the main gas stream . At the opposite 
end , the sleeve fits within the downstream gas duct at which 
point a gas seal is provided between the sleeve and the 
downstream gas duct . The sleeve can slide or be moved back 
and forth along the direction of gas flow or along the length 
of the upstream or downstream gas ducts by a given amount . 
When moved toward the upstream gas duct , the interior of 
the sleeve creates a gas seal with the upstream gas duct , 
thereby sealing the gap between the interior surface of the 
sleeve and the outer surface of the upstream gas duct and 
preventing a second gas , such as a gas from passing outside 
of the gas duct , into the gas duct . This gas seal can be created 
by an interior funnel portion within the sleeve that is 
attached to the interior surface of the sleeve and that 
traverses the opening or gap between the sleeve and the 
upstream gas duct and seals against the end of the upstream 
gas duct or its outer surface near the end of the gas duct . 
When moved in the opposite direction along the length of 
the gas ducts toward the downstream gas duct , the funnel 
portion of the sleeve is separated from or moved away from 
the end of the upstream gas duct thereby removing the gas 
seal and permitting the second gas to pass through the 
opening or gap between the interior surface of the sleeve and 
the outer surface of the upstream gas duct and into the gas 
stream passing through the sleeve and ultimately the down 
stream gas duct . In either position , however , a gas seal is 
maintained between the sleeve and the downstream gas duct , 
which may be created through the use of any means known 
in the art for creating a gas seal between the sleeve and the 
downstream gas duct , while allowing the sleeve to move 
back and forth along the downstream gas duct . 
[ 0034 ] In another embodiment , the apparatus may be 
similar to the sleeve described above but instead of the 
sleeve moving back and forth along the gas ducts , the sleeve 
rotates about the gas ducts . In this case , a plate or surface 
having a plurality of openings may be disposed at the 
entrance to the gap or opening created between the interior 
surface of the sleeve and the outer surface of the upstream 
gas duct such that it traverses the gap or opening . This plate 
may be attached to the outer surface of the upstream gas duct 
such that it is stationary during use . A similarly dimensioned 
plate or surface with a plurality of openings is attached to the 
sleeve and positioned adjacent to the plate attached to the 
outer surface of the upstream gas duct such that it also 
traverses the gap or opening . The plate may be attached to 
the sleeve such that it is adjacent either on the inside or 
outside of plate attached to the outer surface of the upstream 
gas duct . The openings on both plates are positioned such 
that when the sleeve rotates , the plate attached to the sleeve 
will similarly rotate adjacent to the plate attached to the 
outer surface of the upstream gas duct . Depending upon the 
degree of rotation , the corresponding openings on both 
plates may partially or completely align such that the 
openings are partially or completely open . Correspondingly , 
the sleeve can be rotated such that the plate attached to the 
sleeve partially obstructs or completely blocks the openings 
on the plate attached to the outer surface of the upstream gas 
duct . Accordingly , the sleeve can be rotated to permit a 

certain amount of the second gas to pass through the 
openings between the interior surface of the sleeve and the 
outer surface of the upstream gas duct , through a gap 
between the sleeve and the outer surface of the upstream gas 
duct , into the gas stream passing through the sleeve , and 
ultimately into the downstream gas duct . A gas seal is 
maintained between the sleeve and the downstream gas duct , 
which may be created through the use of any means known 
in the art for creating a gas seal between the sleeve and the 
downstream gas duct , while allowing the sleeve to rotate . 
[ 0035 ] In another embodiment , the apparatus may also be 
a sleeve having an attached plate or surface with a plurality 
of openings positioned radially around the plate as described 
above in connection with the sleeve that rotates ; however , in 
this embodiment , the sleeve is stationary during use . In this 
embodiment , shutters , similar to those described above , are 
used in connection with the openings in the plate and are 
controlled in a similar fashion to open , thereby permitting a 
second gas to be added to the gas stream passing through the 
gas duct . Also , similarly , it should be appreciated that each 
of the shutters can be operated independently and can be 
opened to varying degrees thereby providing control over 
the flow rate of the second gas through each opening . Also , 
as described above , this ability to independently control 
each of the shutters allows for the asymmetrical introduction 
of the second gas into the main gas stream , thereby provid 
ing control over the distribution or direction of flow of the 
second gas into the main gas stream and the ability to effect 
mixing with the main gas stream and the direction of flow of 
the main gas stream . Similarly , the orientation and shape of 
the openings and the shutters may also be used to effect the 
direction of flow of the second gas into the main gas stream . 
[ 0036 ] As described above , the apparatus of the invention 
can be used in a method to control the temperature of a gas 
stream or to control the rate of temperature change of a gas 
stream , either of which has widespread application . For 
example , in one embodiment , it is desirable to control the 
temperature or the rate of temperature increase , or both , of 
an exhaust gas stream from a gas turbine during startup and 
other transient operations or conditions to minimize thermal 
stress on a downstream heat recovery steam generator 
( HRSG ) . During startup of a gas turbine in a combined cycle 
process , the exhaust gas temperature may climb to almost 
1000 ° F. in less than two minutes . This magnitude of 
temperature rise can result in a significant thermal stress 
event for the HRSG , including its casing and internal 
components and related piping . Similarly , temperature rises 
may be experienced during transient operations or condi 
tions . In these cases , the apparatus of the present invention 
may be used to add a second gas having a lower temperature , 
such as ambient air , to the exhaust gas from the gas turbine , 
thereby reducing the temperature of the exhaust gas and 
reducing or minimizing the otherwise significant tempera 
ture rise or spike experienced by the HRSG . Specifically , a 
user may operate one of the various designs for the variable 
eductor to permit a certain amount of a second gas , such as 
gas from outside of the gas duct carrying the gas stream 
having a temperature to be controlled , to be added to the gas 
stream . For example , a user may open at least one or more 
of the shutters to allow a second gas to pass through the 
corresponding openings in the outer surface of the body of 
the apparatus of the present invention and into the gas stream 
passing concurrently through the apparatus of the present 
invention . Alternatively , a user may move a sleeve that 



US 2020/0072089 Al Mar. 5. 2020 
5 

to pass 

connects two gas duct and that is disposed around the two 
gas ducts along the direction of gas flow through the gas 
ducts to allow a second gas through the gap between 
the sleeve and the upstream gas duct and into the gas stream . 
Alternatively , a user may rotate a sleeve that connects two 
gas ducts and that is disposed around the two gas ducts to 
partially or completely align a plurality of openings in two 
adjacent plates or surfaces to allow a second gas to pass 
through the openings and between the sleeve and the 
upstream gas duct and into the gas stream . Particularly in the 
context of a gas turbine , because the gas velocities of the 
exhaust gas through the gas duct are relatively high , and 
with the relatively low pressure , educator efficiency would 
be quite good , thereby relatively easily drawing in ambient 
atmospheric air to attemperate the exhaust gases entering the 
HRSG in a controlled fashion . Given the significant tem 
perature difference between the gas turbine exhaust gas 
temperature and that of the ambient air , relatively small 
amounts of ambient air may have a considerable attemper 
ating influence . 
[ 0037 ] It should also be appreciated that in some embodi 
ments , control over a rate of temperature increase in a gas 
stream , due to an upstream process condition or operation , 
may also be provided by the apparatus of the present 
invention . For example , again , during startup of a gas 
turbine in a combined cycle process , the exhaust gas tem 
perature may climb to almost 1000 ° F. in less than two 
minutes . By using the apparatus of the present invention , 
this rate of temperature changed can also be controlled , as 
opposed to using the apparatus to achieve a particular 
temperature set point . In other words , as the temperature in 
the gas stream ( e.g. , the exhaust gas stream from the gas 
turbine ) begins to quickly rise , the apparatus of the invention 
can be operated to control the rate at which that temperature 
increases , again , as opposed to controlling the apparatus to 
achieve a particular temperature setpoint . In this manner , the 
effect of a sudden temperature increase on downstream 
equipment can be reduced or minimized , regardless of the 
actual temperature itself . 
[ 0038 ] Following , various embodiments and other fea 
tures of the apparatus of the present invention are described 
in more detail in connection with the Figures . Also , the 
following describes various methods for using the apparatus 
of the present invention , including , for example , control 
methods for the apparatus . 
[ 0039 ] FIG . 1 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to one embodiment of the present invention . As 
depicted , the apparatus 100 comprises a body 101 having a 
first end 102 , a second end 104 , and an outer surface 106 . 
The body 101 is roughly cylindrical in shape and is config 
ured to permit a gas stream to pass through a gas duct or 
passageway 108 defined by the body 101 from the first end 
102 to the second end 104. It should be appreciated that the 
gas stream may be any gas stream whose temperature or rate 
of temperature increase is to be controlled , including gas 
streams in industrial applications , such as an exhaust gas 
stream from a gas turbine , including a gas turbine whose 
exhaust gas stream feeds an HRSG . 
[ 0040 ] Additionally , the body 101 comprises a plurality of 
openings 110 distributed along the outer surface 106 of the 
body 101. The body 101 further comprises a plurality of 
shutters 112 distributed along , and movably connected to , 
the outer surface 106. Each of the plurality of shutters 112 

is adjacent to , and associated with , a corresponding opening 
110. In the view of the apparatus depicted in FIG . 1 , there 
are three openings 110 visible . Each opening 110 has a 
corresponding shutter 112 with which it is associated . Addi 
tionally , each opening 110 , as well as each shutter 112 , is 
roughly rectangular in shape . It should be appreciated that 
there may be one or more additional openings 110 and 
shutters 112 distributed along the outer surface 106 of the 
body 101 that are not visible in the side view depicted in 
FIG . 1. Thus , it should be appreciated that there may be any 
number of openings 110 , including five , six , seven , eight , 
nine , or 10 or more openings 110 , and corresponding shut 
ters 112 , distributed along the outer surface 106 of the body 
101 , depending on the exact dimensions of each opening 110 
and each shutter 112. It should be appreciated that depending 
upon the degree of attemperation desired by use of the 
apparatus of the present invention , the size and number of 
the openings 110 can be adjusted appropriately . 
[ 0041 ] It should be appreciated that in some embodiments , 
the openings 110 are distributed evenly in a radial direction 
around the circumference of the body 101. The openings 110 
may also be distributed such that there are two circles of 
opening 110 around the circumference of the body 101. It 
should be appreciated that the openings 110 are defined by 
edges in the outer surface 106 of the body 101 and that the 
edges may define any planar geometric shape , such as a 
polygon , including , for example , a square or rectangle . It 
should also be appreciated that the corresponding shutter 
112 may have the same geometric circumference as the 
corresponding opening 110. Each shutter 112 in some 
embodiments may be a flat plate . The body 101 of the 
apparatus , including each of the plurality of shutters , may be 
constructed of any suitable material known to one of skill in 
the art , including metal or metal alloys . 
[ 0042 ] Each of the plurality of shutters 112 is configured 
to open relative to the outer surface 106 of the body 101 , 
thereby permitting a second gas , such as ambient air , to pass 
from outside of the body 101 through the corresponding 
opening 110 and into the gas duct 108. FIG . 1 illustrates the 
shutters 112 as being open , which would permit a second gas 
to pass from the outside of the body 101 through each 
corresponding opening 110 and into the gas duct 108 . 
Similarly , each of the plurality of shutters 112 is configured 
to close relative to the outer surface 106 of the body 101 , 
thereby preventing the second gas from passing from the 
outside of the body 101 through the corresponding opening 
112 and into the gas duct 108. Accordingly , the plurality of 
shutters 112 are also configured when in a closed position to 
prevent the gas stream within the gas duct 108 from leaking 
or escaping from the gas duct 108 . 
[ 0043 ] It should be appreciated that attachment of the 
shutters 112 to the body 101 may be accomplished using any 
mechanical connector 114 that movably connects the shutter 
112 to the body 101 and that permits the shutter 112 to open 
and close . In some embodiments , each of the shutters 112 
may be connected using a hinge or hinge - like mechanism . It 
should be appreciated that one side of the shutter 112 is 
connected to one of the edges of the outer surface 106 of the 
body 101 that defines the corresponding opening 110. As 
shown in FIG . 1 , each of the openings 110 are defined by 
edges in the shape of a polygon , such as a rectangle . In one 
embodiment , each of the shutters 112 is attached to a 
corresponding edge of the opening 112 that is upstream of 
the other or remaining edges of the opening 112 relative to 
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the direction of gas flow through the gas duct 108. With 
respect to FIG . 1 , the gas flow through the gas duct 108 is 
from the first end 102 to the second end 104 of the body 101 
or from left to right . Accordingly , the mechanical connector 
114 , such as a hinge , is located on the left - most edge of the 
opening 112. In this case , the shutter 112 would rotate about 
the hinge 114 and when opened would move inward and into 
the gas duct 108 , thereby protruding into the gas duct 108 . 
In this manner , the shutter 112 creates a low pressure area on 
the backside or upstream side of the shutter 112 inside of the 
gas duct 108 , thereby providing a driving force for pulling 
the second gas , such as ambient air through the opening 110 , 
such that the second gas passes over the downstream side of 
the shutter 112 inside of the gas duct 108 and into the gas 
duct 108 . 
[ 0044 ] FIG . 2 illustrates the same perspective side view of 
the apparatus of FIG . 1 with the shutters in a closed position 
according to one embodiment of the present invention . As 
depicted , the shutters 112 are distributed along the outer 
surface 106 of the body 101 corresponding to each opening 
110 as shown in FIG . 1. As depicted in FIG . 2 , each of the 
three visible shutters 112 is closed relative to its correspond 
ing opening 110. It should be appreciated that when any 
shutter 112 is closed relative to its corresponding opening 
110 it may be substantially flush with the outer surface 106 . 
As a result , the gas stream passing through the duct 108 , as 
well as the second gas outside of the body 101 or adjacent 
to the outer surface 106 , is substantially unable to traverse 
or pass through a given opening 110 . 
[ 0045 ] FIG . 3 illustrates a side view of equipment for 
operating the shutters according to one embodiment of the 
present invention . As depicted , a shutter in a closed position 
112a can be attached to the body 101 using any mechanical 
connector 114 , such as a hinge , that permits the shutter to 
open and close . The shutter in an open position 112b results 
from the rotation of one end of the shutter 112 about the axis 
of a hinge 114. The shutter 112 is attached to one end of a 
linkage 302 that is connected to an actuator 304 at its other 
end . The actuator 304 can then be controlled by an electrical 
control signal that causes the actuator 304 to move the 
linkage 302 , thereby moving the shutter 112 between a 
closed position 112a and an open position 112b . 
[ 0046 ] It should be appreciated that the actuator 304 may 
also be controlled to effect opening the shutter to any 
position between those of being completely closed 112a and 
completely open 112b . In this manner , the shutter can be 
opened to varying amounts or degrees , thereby providing a 
smaller or larger effective opening through which the second 
gas may pass into the gas duct 108. Accordingly , opening the 
shutter to any position between fully opened or completely 
closed provides precision over the amount of the second gas 
that is permitted to pass through the corresponding opening 
110 into the gas duct 108 , thereby providing more control 
over the degree of attemperation of the gas stream being fed 
to the apparatus of the present invention and into the gas 
duct 108. Specifically , each of the plurality of varying 
degrees of opening may be associated with a specific flow 
rate of the second gas into the gas duct 108. One of skill in 
the art will appreciate that different flow rates of the second 
gas into the gas duct 108 may be determined based , at least 
in part , on the dimensions of the opening formed between 
each of the plurality of corresponding openings 110 and each 
of the plurality of shutters through which the second gas may 
pass and the pressure drop across the opening through which 

the second gas may pass . Accordingly , the degree to which 
the shutters are opened can be determined . It should be 
appreciated that in some embodiments , however , the shut 
ters may only be operated to be completely closed or 
completely opened . 
[ 0047 ] It should be appreciated that one or more control 
systems may be utilized to adjust the opening and closing of 
the shutters . In some embodiments , the control system 
enables simultaneous , or near - simultaneous , opening and 
closing of all of the shutters . It should also be appreciated 
that the control system may be used to open and close each 
shutter separately and to control the degree to which each 
shutter is separately opened . Accordingly , it should be 
appreciated that each of the shutters can be operated inde 
pendently and can be opened to varying degrees thereby 
providing control over the flow rate of the second gas 
through each opening . It should be appreciated that this 
ability to independently control each of the shutters allows 
for the asymmetrical introduction of the second gas into the 
main gas stream , thereby providing control over the distri 
bution or direction of flow of the second gas into the main 
gas stream and the ability to effect mixing with the main gas 
stream and the direction of flow of the main gas stream . For 
example , controlling which shutters are opened and closed 
and to which degree allows for the introduction of the 
second gas into the main gas stream to vector the flow of the 
main gas stream upwards , downwards , or even laterally , 
with the main gas duct . 
[ 0048 ] In use , the apparatus of the present invention in its 
various embodiments provides the ability to control the 
temperature of a gas stream that passes through the appa 
ratus or to control the rate of any temperature change 
experienced by the gas stream . The apparatus of the present 
invention can be installed in an existing gas duct or incor 
porated into a new gas duct design in which a user desires 
to attemperate the temperature of a gas stream that passes 
though the gas duct . During operation , the gas stream to be 
attemperated passes through the gas duct , including that 
portion of the gas duct provided by the apparatus of the 
present invention , such as the gas duct 108 provided by the 
body 101 of the embodiment shown in FIG . 1. Upon 
experiencing a need to attemperate the temperature of the 
gas stream , such as during startup of a gas turbine or any 
transient operation where the exhaust gas from the gas 
turbine is the gas stream to be attemperated , at least one of 
the plurality of shutters can be opened to a desired degree of 
opening , thereby permitting a predefined flow rate of a 
second gas , such as ambient air , to pass through an opening 
in the body of the apparatus of the present invention and into 
the gas duct . Without being limited by theory , the apparatus 
of the present invention provides a variable eductor . Accord 
ingly , the velocity of the gas stream passing through the gas 
duct acts to pull in the second gas stream from outside of the 
apparatus ' body or outer surface , thereby adding the second 
gas to the gas stream passing through the gas duct . There 
fore , it should be appreciated that the higher the velocity of 
the gas in the gas duct can accommodate higher pressures of 
the second gas outside of the gas duct . Given a temperature 
difference between the two gas streams and their relative 
mass flow rates , this provides the ability to control the 
temperature of the gas stream as its exits the apparatus of the 
present invention of the gas stream or the rate of temperature 
increase being experienced by the gas stream as its exits the 
apparatus of the present invention . Therefore , the apparatus 
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of the present invention is more than an educator in that it 
also allows for the control or attemperation of the tempera 
ture of the primary gas stream through the controlled use of 
the plurality of shutters , which can be opened to varying 
degrees to control the amount of the second gas being pulled 
into the duct and primary gas stream and thereby control the 
temperature of the primary gas stream exiting the apparatus . 
[ 0049 ] The addition of this second gas to the gas stream in 
the gas duct , based upon a temperature difference between 
the second gas stream and the gas stream in the gas duct , 
results in controlling the temperature of the gas stream in the 
gas duct or controlling the rate of temperature change , such 
as a rapid increase in temperature , in the gas stream in the 
gas duct . In some embodiments , it should be appreciate that 
the second gas may have a lower temperature than that of the 
first gas stream . Purely as a non - limiting example , in the 
case of a gas turbine , the second gas may have a temperature 
that is approximately 1000 ° F. lower , or more , than the 
temperature of the gas stream entering that portion of the gas 
duct provided by the apparatus of the present invention . 
Accordingly , in one embodiment , the apparatus of the pres 
ent invention may utilize atmospheric air as the second gas 
to reduce the temperature of an exhaust gas stream from a 
gas turbine , particularly during startup or during a transient 
operation or condition in which the temperature of the 
exhaust gas stream increases rapidly . 
[ 0050 ] It should be appreciated that the degree to which 
the shutters may be open may be adjusted over time depend 
ing upon the attemperation required for the gas stream 
passing through the gas duct . In some embodiments , such 
adjustments may include fully opening all of the shutters 
upon an initial change in the temperature of the gas stream 
and varying the degree of opening , such as slowly closing 
the shutters over time , to a point where the shutters would 
be completely closed once the reason for the temperature 
change of the gas stream has abated . For example , during 
startup of a gas turbine , the shutters may be fully opened , 
and as the gas turbine approaches steady - state and the 
exhaust temperature begins to stabilized , the shutters may be 
slowly closed during this period until the point at which the 
gas turbine and the exhaust gas temperature are at steady 
state , at which time the shutters would be fully closed . In 
some embodiments , the adjustment of the degree to which 
the shutters are opened may be simply fully opening or fully 
closing a given subset of shutters . 
[ 0051 ] In certain aspects of the invention , it should be 
appreciated that the rate at which the plurality of shutters can 
be controlled as well . Purely as a non - limiting example , a 
user may control the rate of opening of at least one of the 
plurality of shutters in order to achieve a specific flow rate 
of the second gas into the body , thereby achieving a desired 
reduction in the first gas temperature of the first gas stream . 
[ 0052 ] It should be appreciated that control of the plurality 
of shutters , including opening and closing , which shutters to 
open and close , the degree to which the shutters are opened , 
and the rate of opening , may all be controlled . Data may be 
collected that is used for such control over the shutters . For 
example , gas stream temperatures , both upstream and down 
stream of the apparatus of the present invention , and the 
temperature of the second gas stream ( e.g. , the ambient air 
temperature ) may be used in a control system , such as a 
feedback or feedforward control system , to control the 
shutters . Other data such as gas stream flow rate and 
pressure may also be monitored and used to control the 

shutters . Such monitoring may be achieved by any tempera 
ture monitoring devices including , but not limited to , tem 
perature sensors , thermocouples , and the like . 
[ 0053 ] FIG . 4 illustrates the gas flow through the appara 
tus of FIG . 1 during operation according to one embodiment 
of the present invention . As depicted , the gas stream 402 
entering the apparatus 100 of the present invention passes 
into the gas duct 108 provided by the body 101 of the 
apparatus 100. In this embodiment , the shutters 112 are in an 
open position such that a second gas stream 404 passes 
through the openings 110 and is combined with the gas 
stream 402 entering the gas duct 108. The combined gas 
streams 406 then exit the gas duct 108 provided by the body 
101 of the apparatus 100 . 
[ 0054 ] FIG . 5 illustrates the gas flow through the appara 
tus of FIG . 1 during operation according to another embodi 
ment of the present invention . As depicted , the gas stream 
402 entering the apparatus 100 of the present invention 

gas duct 108 provided by the body 101 of the 
apparatus 100. In this embodiment , the shutters 112 are in a 
closed position such that a second gas stream 404 cannot be 
pulled through the corresponding openings ( not shown as 
the openings are covered by the closed shutters 112 ) or 
combined with the gas stream 402 entering the gas duct 108 . 
The gas streams 402 then exits the gas duct 108 provided by 
the body 101 of the apparatus 100 unaffected by the appa 
ratus 100 of the present invention . 
[ 0055 ] FIG . 6 illustrates the use of the present invention in 
conjunction with a gas turbine and a heat recovery steam 
generator ( HRSG ) . As depicted , a gas turbine 602 produces 
an exhaust gas stream that is passed through the apparatus of 
the present invention 604 , such as the embodiment described 
in connection with FIG . 1. In FIG . 6 , three shutters 606 and 
three corresponding openings 608 are illustrated , although it 
should be appreciated that additional shutters and openings 
may be included in the design of the apparatus 604. After 
passing through the apparatus 604 , the gas stream is fed to 
the HRSG 610. During operation , the exhaust gas stream 
may have a temperature of up to approximately 1000-1300 ° 
F. , which during a cold start may be reached within a few 
minutes of startup of the gas turbine 602. Accordingly , the 
shutters 606 would be operated to allow ambient air to enter 
the duct through which the exhaust gas stream passes to 
attemperate the temperature of that gas stream . In some 
embodiments , the temperature of the exhaust gas stream can 
be monitored to allow a control system to modulate the 
degree of attemperation , for example , by controlling the 
number of shutters being opened and the degree to which 
they are opened . In this manner , the temperature of the 
exhaust gas stream , as well as the rate of temperature 
change , can be controlled to slowly increase the gas tem 
perature to which the HRSG 610 is exposed , particularly 
during a cold start when a larger degree of attemperation 
would be required compared to controlled process operation 
of the gas turbine and taking into account the materials of 
construction of the HRST 610 exposed to the exhaust gas 
temperature . 
[ 0056 ] FIG . 7 illustrates simulated performance of the 
apparatus and method of the present invention according to 
one embodiment of the present invention . The embodiment 
illustrated in FIG . 7 is the application of the present inven 
tion to a gas turbine exhaust gas stream that is fed to an 
HRSG , as shown , for example , in FIG . 6. Specifically , the 
embodiment illustrated in FIG . 7 is the application of the 
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present invention to a gas turbine exhaust gas stream during 
a period of time , such as startup or a transient operation , in 
which the temperature of the exhaust gas stream ( “ GT 
Exhaust Temp ” ) experiences a sudden and significant 
increase in a short period of time . Accordingly , in this 
embodiment , the apparatus of the present invention , such as 
that described above in connection with FIG . 1 , would be 
part of the duct through which the gas turbine exhaust gas 
stream passes and be used to attemperate the temperature of 
the exhaust gas stream from the gas turbine prior to entering 
the HRSG . 
[ 0057 ] In response to this sudden increase in temperature 
of the exhaust gas stream , the shutters on the apparatus of the 
present invention would open . The specific degree of open 
ness over time is shown in FIG . 7 ( Shutter Position ) . As 
illustrated , the shutters open almost concurrently with the 
rate of increase in the gas exhaust temperature and continue 
to open more fully as the exhaust gas stream temperature 
continues to increase . It should be appreciated that in this 
embodiment , the apparatus and method of the present inven 
tion is used to reduce the rate of increase of the exhaust gas 
stream temperature so that the rate of increase of the 
temperature of that gas stream as it leaves the apparatus of 
the present invention and enters , for example , an HRSG is 
reduced . So , although the HRSG will experience an inlet gas 
stream with an increasing temperature , the rate of increase 
of that temperature is reduce to be significantly less than the 
rate of increase of the temperature of the exhaust gas stream 
from the gas turbine upstream of the apparatus of the present 
invention . This effect is illustrated in FIG . 7 by the tem 
perature of the gas stream entering the HRSG , which is 
downstream of the apparatus of the present invention and 
after use of that apparatus to attemperate the exhaust gas 
stream from the gas turbine . As shown , the increase of the 
gas temperature entering the HRSG ( HRSG Gas Inlet Temp ) 
does increase but at a much lower rate than that of the 
exhaust gas stream exiting the gas turbine . Accordingly , the 
stress to the HRSG and related components is minimized or 
reduced by reducing what would otherwise be a sudden and 
significant increase in the inlet gas temperature to the 
HRSG , which can cause significant stress on the HRSG and 
related components . 
[ 0058 ] It should be appreciated that the designs of the 
present invention may also be used in connection with the 
process of purging a gas turbine system . For example , prior 
to firing a gas turbine , the gas turbine may be operated as a 
fan to purge the system , including the downstream ductwork 
and the HRSG of any accumulated combustible gases . 
Thereafter , the gas turbine can be fired and operated . The 
esigns of the present invention could be used to increase the 

mass flow rate of the gas through the system during purging , 
which may result in a reduction the amount of time 
required for purging . 
[ 0059 ] FIG . 8 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention . 
The apparatus 800 is similar to that shown in FIG . 1 with the 
exception of the orientation of the openings and correspond 
ing shutters . The openings 110 and corresponding shutters 
112 in FIG . 1 during use would provide for the second gas 
passing through the openings and into the gas stream in the 
same direction of gas flow as the gas stream . Specifically , the 
opening of the shutters 112 along the upstream edge of the 
openings 110 that is essentially normal to the direction of gas 

flow through the apparatus 100 and inward into the gas duct 
would result in the shutters opening normal to the direction 
of gas flow through the apparatus 100. Therefore , the second 
gas would pass through the openings 110 in essentially the 
same direction of gas flow as the gas stream in the gas duct 
or passageway 108. FIG . 8 illustrates a plurality of openings 
802 that are similar in shape to the openings 110 of FIG . 1 
but having edges defining the openings 802 that are not 
parallel to the direction of gas flow 803 through the appa 
ratus 800. In this case , the shutters 804 are attached to an 
edge of each opening 802 such that upon opening , the 
second gas 806 would pass through the opening 802 and into 
the gas stream in a direction other than the direction of gas 
flow of the gas stream 803 in the apparatus 800. In this 
manner , the second gas would create a spiral gas flow within 
the apparatus 800 or passageway within the apparatus . The 
overall impact of this spiral gas flow of the second gas upon 
entering the apparatus 800 on the total gas flow and its 
direction would be dependent upon amount of the second 
gas being added and its relative velocity / momentum . It 
should be appreciated that control over the introduction of 
the second gas using the orientation of the openings and the 
shutters can be used in conjunction with the control provided 
by the ability to independently control which shutters are 
opened and to what degree as described above . 
[ 0060 ] FIG . 9 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention . 
As depicted , the apparatus 900 may be a sleeve 902 that 
connects two ends of two separate gas ducts 904 , 906 such 
that a gas stream 908 ( as shown by the arrows ) may pass 
from the first or upstream gas duct 904 through a passage 
way or gas duct 909 defined by the sleeve 902 and into the 
second or downstream gas duct 906. In this embodiment , the 
sleeve 902 is disposed around the outside of the upstream 
gas duct 904 and overlaps that gas duct 904 by a given length 
as measured along the direction of gas flow through the gas 
duct 902. In particular , the upstream end 910 of the sleeve 
902 is sized larger than the outer dimensions of the upstream 
gas duct 904 to thereby define or create a gap or opening 912 
between the interior surface of the sleeve 902 and the outer 
surface of the upstream gas duct 904. It should be appreci 
ated that the size of the gap or opening 912 can be designed 
based upon the sizing of the sleeve 902 about the upstream 
gas duct 904. The downstream end 911 of the sleeve 902 fits 
inside of the downstream gas duct 906 , and a circumferential 
seal can be used to provide a gas seal between the down 
stream end 911 of the sleeve 902 and the downstream gas 
duct 906. It should be appreciated that impingement of hot 
gases directly upon the circumferential seal can be mini 
mized or prevented by virtue of the sleeve 902 fitting inside 
of the downstream gas duct 906 , which in turn reduces the 
potential for seal failure and gas leakage . In one embodi 
ment , the circumferential seal between the interior surface of 
the downstream gas duct 906 and the exterior surface of the 
sleeve 902 is a high temperature flexible metallic gasket 
affixed around the entire exterior circumference of the sleeve 
902 at or near the downstream end of the sleeve 902 . 
[ 0061 ] The sleeve 902 can slide back and forth along the 
direction of gas flow ( as shown by the direction of the 
arrows representing the gas stream 908 ) or along the length 
of the gas ducts 904,906 by a given amount . The movement 
of the sleeve 902 can be controlled using an actuator motor 
913. When moved along the lengths of the gas ducts 904 , 
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906 toward the upstream gas duct 904 , the interior of the 
sleeve 902 creates a gas seal with the upstream gas duct 904 
or seals against the surface of the upstream gas duct 904 , 
thereby sealing the gap or opening 912 between the interior 
surface of the sleeve 902 and the outer surface of the 
upstream gas duct 904 and preventing a second gas , such as 
a gas from passing outside of the sleeve 902 or upstream gas 
duct 904 into the sleeve 902. This gas seal can be created by 
an interior funnel portion or collar 914 attached within the 
sleeve 902 , such as to an inside surface of the sleeve 902 , 
that traverses the gap or opening 912 and engages or seals 
against the end of the upstream gas duct 904 or its outer 
surface near the end of the gas duct 904 when the sleeve 902 
is moved toward the upstream gas duct 904. Accordingly , as 
shown in FIG . 9 , the apparatus 900 is illustrated in a closed 
position such that a gas seal has been created between the 
interior surface of the sleeve 902 and the outer surface of the 
upstream gas duct 904 , which prevents gas from passing 
through the gap or opening 912 in either direction . It should 
be appreciated that the circumferential gas seal between the 
downstream end 911 of the sleeve 902 and the downstream 
gas duct 906 is maintained during use of the sleeve 902 , 
including its sliding back and forth . Accordingly , the con 
nection between the downstream end 911 of the sleeve 902 
and the downstream gas duct 906 must provide for the 
ability for the sleeve 902 to move back and forth along the 
downstream gas duct 906 while maintaining the gas seal . 
The gas seal is maintained at this location to avoid the 
release of any gas from the gas stream at this point . 
[ 0062 ] FIG . 10 illustrates a perspective end view of an 
apparatus for controlling a temperature of a gas stream of 
FIG . 9 according to one embodiment of the present inven 
tion . As depicted , the sleeve 902 has a funnel portion or 
collar 914 that is positioned within the sleeve 902. The collar 
914 is attached to the inside surface of the sleeve 902 and is 
angled or tapered away from that surface and inwardly 
toward the center of the sleeve 902. The terminal edge 1002 
of the funnel portion or collar 914 mates with the outer 
surface of the upstream gas duct 904 to create a gas seal that 
prevents gas from passing through the gap 912 between the 
interior surface of the sleeve 902 and the outer surface of the 
upstream gas duct 904. It should be appreciated that the gas 
seal does not preclude the sleeve 902 from moving back and 
forth . In one embodiment , the terminal edge 1002 of the 
funnel portion or collar 914 may contain a flexible portion , 
such as a rubber gasket or similar part , that when engaged 
against the upstream gas duct , creates the gas seal at the edge 
of the upstream gas duct 904. It should be appreciated that 
other designs may be used to create the gas seal between the 
interior surface of the sleeve 902 and the outer surface of the 
upstream gas duct 904 . 
[ 0063 ] FIG . 11 illustrates a perspective side view of the 
apparatus of FIG . 9 in an open position according to one 
embodiment of the present invention . As depicted , the sleeve 
902 has been moved toward the downstream gas duct 906 , 
thereby removing the gas seal between the upstream gas 
duct 904 and the funnel portion or collar 914 of the sleeve 
902. Accordingly , the sleeve 902 is shown in an open 
position as the funnel or collar 914 is positioned away from 
or separated from the end of the upstream gas duct 904. In 
this case , the gas stream 908 simply passes through the 
opening 1102 of the funnel portion or collar 914. As the gas 
stream 908 passes through the passageway or duct 909 
within the sleeve 902 , the second gas 1104 , such as gas 

located outside of the upstream gas duct 904 or ambient air , 
is pulled through the gap or opening 912 and into the gas 
stream 908 within the passageway within the sleeve 902 . 
Based upon a temperature difference between the second gas 
stream 1102 and the gas stream 908 in the gas duct , the 
addition of this second gas 1102 to the gas stream 908 in the 
gas duct results in controlling the temperature of the gas 
stream 908 in the gas duct or controlling the rate of tem 
perature change , such as a rapid increase in temperature , in 
the gas stream 908 in the gas duct . It should be appreciated 
that the sleeve 902 may be moved to any position between 
a fully open position and the closed position shown in FIG . 
9. Positioning the sleeve 902 at a position between fully 
open and closed provides the ability to control the amount of 
gas flowing through the gap 912 due to the relative position 
of the funnel portion or collar 914 and the end of the 
upstream gas duct 904. In other words , as the collar 914 is 
moved closer to the end of the gas duct 904 , the gap 912 will 
become more restricted thus permitting less gas pass from 
outside of the upstream gas duct 904 through the gap 912 
and into the gas stream 908 in the sleeve 902 . 
[ 0064 ] Again , it should be appreciated that regardless of 
the position of the sleeve 902 , the circumferential gas seal 
with the downstream gas duct 906 is maintained . It should 
be appreciated that any means known in the art for creating 
a gas seal between the sleeve 902 and the downstream gas 
duct 906 , while allowing the sleeve 902 to move back and 
forth along the downstream gas duct 906 may be used . 
[ 0065 ] FIG . 12 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention . 
As depicted , the apparatus 1200 may be a sleeve 1202 that 
connects two ends of two separate gas ducts 1204 , 1206 such 
that a gas stream 1208 ( as shown by the arrows ) may pass 
from the first or upstream gas duct 1204 through a passage 
way or gas duct 1209 defined by the sleeve 1202 and into the 
second or downstream gas duct 1206. In this embodiment , 
the sleeve 1202 is disposed around the outside of the 
upstream gas duct 1204 and overlaps that gas duct 1204 by 
a given length as measured along the direction of gas flow 
through the gas duct 1202. In particular , the upstream end 
1210 of the sleeve 1202 is sized larger than the outer 
dimensions of the upstream gas duct 1204 to define or create 
a gap or opening 1212 between the interior surface of the 
sleeve 1202 and the outer surface of the upstream gas duct 
1204. The downstream end 1211 of the sleeve 1202 fits 
inside of the downstream gas duct 1206 , and a circumfer 
ential seal can be used to provide a gas seal between the 
downstream end 1211 of the sleeve 1202 and the down 
stream gas duct 1206. It should be appreciated that impinge 
ment of hot gases directly upon the circumferential seal can 
be minimized or prevented by virtue of the sleeve 1202 
fitting inside of the downstream gas duct 1206 , which in turn 
reduces the potential for seal failure and gas leakage . In one 
embodiment , the circumferential seal between the interior 
surface of the downstream gas duct 1206 and the exterior 
surface of the sleeve 1202 is a high temperature flexible 
metallic gasket affixed around the entire exterior circumfer 
ence of the sleeve 1202 at or near the downstream end of the 
sleeve 1202 . 
[ 0066 ] At the upstream end 1210 of the sleeve 1202 , a 
plate 1214 having a plurality of openings or holes or ports 
1216 is attached to the upstream end 1210 of the sleeve 1202 
and extends from the sleeve 1202 inwardly toward the 
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surface of the upstream gas duct 1204. The plate 1214 can 
be made from the same materials of construction as the 
sleeve 1202 , and the openings 1216 can be any shape or size 
and there can be any desired number of openings 1216. As 
described below , a second gas to be added to the gas stream 
1208 will pass through these openings 1216. Accordingly , in 
designing the openings 1216 , including the cross - sectional 
area of each opening 1216 and the overall total cross 
sectional area available for the second gas to pass through 
should be taken into account . 
[ 0067 ] A similarly designed plate 1218 is attached to the 
outer surface of the upstream gas duct 1204 and has a set of 
openings or holes or ports 1220 that corresponds in size , 
shape , and number to the openings 1216 in the plate 1214 
attached to the sleeve 1202. It should be appreciated that the 
plate 1218 attached to the outer surface of the upstream gas 
duct 1204 is attached such that it is stationary . The plate 
1218 attached to the outer surface of the upstream gas duct 
1204 extends outwardly such that it is parallel to the plate 
1214 attached to the sleeve 1202. Further , the plate 1218 
attached to the outer surface of the upstream gas duct 1204 
is positioned along the upstream gas duct 1204 such that it 
is adjacent to the plate 1214 attached to the sleeve 1202. It 
should be appreciated that the plate 1218 attached to the 
outer surface of the upstream gas duct 1204 positioned such 
that it is on either side of the plate 1214 attached to the 
sleeve 1202 . 

[ 0068 ] As shown in FIG . 12 , the openings 1216 in the 
plate 1214 attached to the sleeve 1202 are offset or mis 
aligned relative to the openings 1220 in the plate 1218 
attached to the outer surface of the upstream gas duct 1204 . 
Accordingly , a second gas cannot pass through either set of 
openings 1216 , 1220 in either plate 1214 , 1218 , effectively 
creating a gas seal and preventing gas from passing into or 
out of the gap 1212. In this position , the sleeve 1202 is in a 
closed position , and no second gas can be added to the gas 
stream 1208 passing through the sleeve 1202. It should be 
appreciated that when the openings are offset , adequate 
sealing of the openings can be accomplished by a similar 
high temperature metallic gasket material affixed around the 
circumference of each opening on the posterior surface to 
seal against the anterior surface . 
[ 0069 ] In this embodiment , the sleeve 1202 can rotate 
around an axis defined by the longitudinal center of the 
passageway or gas duct 1209 created by the sleeve 1202. As 
depicted , the sleeve 1202 can rotate in both directions as 
shown by the arrow 1222 shown in FIG . 12. It should be 
appreciated that the sleeve 1202 can rotate to any position 
around this axis . The rotation of the sleeve 1202 can be 
controlled using an actuator motor ( not shown ) . When 
rotated , the openings 1216 in the plate 1214 attached to the 
sleeve 1202 can be aligned with the openings 1220 in the 
plate 1218 attached to the outer surface of the upstream gas 
duct 1204. Accordingly , a second gas from outside of the 
upstream gas duct 1204 can then pass through the openings 
1216 , 1220 in both plates 1214 , 1218 , through the gap 1212 , 
and into the gas stream 208 passing through the passageway 
provided by the sleeve 1202. It should be appreciated that 
since the sleeve 1202 can rotate to any position around its 
axis of rotation that the openings 1216 , 1220 in both plates 
1214 , 1218 can be aligned such that the openings 1216 , 1220 
are completely open or partially open . For example , the 
sleeve 1202 can be rotated such that the openings 1216 in the 

plate 1214 attached to the sleeve 1202 partially obstruct the 
corresponding openings 1218 in the sleeve attached to the 
upstream gas duct 1204 . 
[ 0070 ] FIG . 13 is a perspective side view of the upstream 
gas duct and the sleeve of FIG . 12 separated from each other 
according to one embodiment of the present invention . As 
shown , the sleeve 1202 has a plate 1214 attached to either 
the end of the sleeve 1202 or to its interior surface near the 
end of the sleeve 1202. This plate 1214 is generally a flat 
plate that traverses the perimeter of the sleeve 1202. In this 
embodiment , the sleeve 1202 is a circular tube such that the 
plate 1214 is also circular . The plate 1214 has the plurality 
of openings 1216 . 
[ 0071 ] Also as shown , the upstream gas duct 1204 has a 
plate 1218 that is similarly shaped and sized to the plate 
1214 attached to the sleeve 1202. The plate 1218 attached to 
the upstream gas duct 1204 has a similarly number of 
openings 1220 that are similarly sized to the openings 1216 
in the plate 1214 attached to the sleeve 1202. The plate 1218 
is positioned a given length from the end of the upstream gas 
duct 1204 such that when the sleeve 1202 is positioned over 
this end of the upstream gas duct 1204 , a portion of the 
upstream gas duct will extend within the sleeve 1202 to the 
point that the plate 1218 is adjacent to the plate 1214 
attached to the sleeve 1202. As described , as the sleeve 1202 
is rotated , the degree of rotation can be used to determine the 
extent to which the openings 1216 , 1220 in both plates 1214 , 
1218 are aligned . 
[ 0072 ] FIG . 14 illustrates a perspective side view of the 
apparatus of FIG . 12 in an open position according to 
another embodiment of the present invention . As depicted , 
the sleeve 1202 has been rotated such that the openings 
1216 , 1220 in both plates 1214 , 1218 are aligned and permit 
the full flow of a second gas 1402 to pass from outside of the 
upstream gas duct 1204 , through the openings 1216 , 1220 in 
both plates 1214 , 1218 , through the gap 1212 between the 
interior surface of the sleeve 1202 and that portion of the 
outer surface of the upstream gas duct 1204 within the sleeve 
1202 , and into the gas stream 1208 passing through the 
passageway 1209 provided by the sleeve 1202 . 
[ 0073 ] Based upon a temperature difference between the 
second gas stream 1402 and the gas stream 1208 in the gas 
duct , the addition of this second gas 1402 to the gas stream 
1208 in the gas duct results in controlling the temperature of 
the gas stream 1208 in the gas duct or controlling the rate of 
temperature change , such as a rapid increase in temperature , 
in the gas stream 1208 in the gas duct . It should be 
appreciated that the sleeve 1202 may be rotated to any 
position between a fully open position at which the openings 
1216 , 1220 in both plates 1214 , 1218 are fully aligned and 
completely open as shown in FIG . 14 and the closed position 
at which the openings 1216 , 1220 in both plates 1214 , 1218 
are offset or not aligned and prevent the passing of any gas 
through the corresponding plates 1214 , 1218 and into the gas 
stream 1208 within the passageway 1209 of the sleeve 1202 
as shown in FIG . 12. Positioning the sleeve 1202 at a 
position between fully open and closed provides the ability 
to control the amount of gas flowing through the gap 1212 . 
In other words , as the openings 1216 , 1220 become more 
aligned more gas can pass from outside of the upstream gas 
duct 1204 through the gap 1212 and into the gas stream 1208 
in the sleeve 1202 . 
[ 0074 ] It should be appreciated that the circumferential 
gas seal between the downstream end 1211 of the sleeve 
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1202 and the downstream gas duct 1206 is maintained 
during use of the sleeve 1202 , including during its rotation 
to any position . Accordingly , the connection between the 
downstream end 1211 of the sleeve 1202 and the down 
stream gas duct 1206 must provide for the ability for the 
sleeve 1202 to rotate while maintaining the gas seal . The gas 
seal is maintained at this location to avoid the release of any 
gas from the gas stream at this point . 
[ 0075 ] It should be appreciated that the various designs of 
the apparatus of the present invention as shown in FIGS . 
9-14 may also be used as described and shown in connection 
with FIGS . 4-6 . Although the apparatus of FIG . 1 was 
referred to regarding FIG . 4-6 , the apparatus of FIG . 1 could 
be replaced with the apparatuses of FIGS . 9-14 , noting that 
references to operating the shutters of the apparatus of FIG . 
1 would instead refer to operation of the sleeves of FIGS . 
9-14 , including sliding the sleeve or rotating the sleeve as 
applicable . 
[ 0076 ] FIG . 15 illustrates a perspective side view of an 
apparatus for controlling a temperature of a gas stream 
according to another embodiment of the present invention . 
The embodiment depicted in FIG . 15 is a sleeve similar to 
those described in connection with FIGS . 9 and 12 with the 
exception that in this embodiment the sleeve is stationary . 
This embodiment is also similar to the sleeve described in 
connection with FIG . 12 in that a plate having a plurality of 
openings is attached to the inside surface of the sleeve and 
traverse the gap or opening between the sleeve and the outer 
surface of the upstream gas duct . However , in this embodi 
ment , a corresponding plurality of shutters are attached to 
plate and control the passage of a second gas from outside 
of the gas duct into the sleeve and the main gas stream . 
[ 0077 ] As depicted , the apparatus is a sleeve 1502 that 
connects two ends of two separate gas ducts 1504 , 1506 such 
that a gas stream 1514 ( as shown by the arrows ) may pass 
from the first or upstream gas duct 1504 through a passage 
way or gas duct defined by the sleeve 1502 and into the 
second or downstream gas duct 1506. In this embodiment , 
the sleeve 1502 is disposed around the outside of the 
upstream gas duct 1504 and overlaps that gas duct 1504 by 
a given length as measured along the direction of gas flow 
1514 through the gas duct 1502. In particular , the upstream 
end of the sleeve 1502 is sized larger than the outer 
dimensions of the upstream gas duct 1504 to thereby define 
or create a gap or opening 1512 between the interior surface 
of the sleeve 1502 and the outer surface of the upstream gas 
duct 1504. It should be appreciated that the size of the gap 
or opening 1512 can be designed based upon the sizing of 
the sleeve 1502 about the upstream gas duct 1504. The 
downstream end of the sleeve 1502 fits inside of the down 
stream gas duct 1506 , and a circumferential seal can be used 
to provide a gas seal between the downstream end of the 
sleeve 1502 and the downstream gas duct 1506. It should be 
appreciated that impingement of hot gases directly upon the 
circumferential seal can be minimized or prevented by virtue 
of the sleeve 1502 fitting inside of the downstream gas duct 
1506 , which in turn reduces the potential for seal failure and 
gas leakage . In one embodiment , the circumferential seal 
between the interior surface of the downstream gas duct 
1506 and the exterior surface of the sleeve 1502 is a high 
temperature flexible metallic gasket affixed around the entire 
exterior circumference of the sleeve 1502 at or near the 
downstream end of the sleeve 1502 . 

[ 0078 ] At the upstream end of the sleeve 1502 , a plate 
1508 is attached to the upstream end of the sleeve 1502 and 
extends from the sleeve 1502 inwardly toward the surface of 
the upstream gas duct 1504. The plate has a plurality of 
shutters 1510 that cover a corresponding plurality of open 
ings or holes or ports . The shutters 1510 may be designed 
and operated as described above in connection with FIGS . 
1-5 and 8 , including the ability to independently control each 
shutter 1510. As shown , the shutters 1510 are currently in a 
closed position in that they are covering the corresponding 
plurality of openings and preventing the passage of gas from 
outside of the gas duct 1504 , such as ambient air , into the 
sleeve 1502 and the gas stream 1514 . 
[ 0079 ] FIG . 16 illustrates a perspective side view of the 
apparatus of FIG . 15 in an open position according to 
another embodiment of the present invention . As depicted , 
the shutters 1510 are shown in an open position such that the 
corresponding openings 1602 are visible . In this position , a 
second gas 1604 can pass through the gap or opening 1512 , 
through the openings 1602 in the plate 1508 , and into the 
main gas stream 1514 . 
[ 0080 ] Various embodiments of the invention have been 
described above . However , it should be appreciated that 
alternative embodiments are possible and that the invention 
is not limited to the specific embodiments described above . 
For examples , while the invention has been described in the 
context of a gas turbine and attemperation of the exhaust gas 
stream from the gas turbine prior to entering a HRSG , the 
invention may be used in other industrial gas streams where 
it is desirable to either control a gas stream temperature or 
reduce a rate of increase of a gas stream temperature . It 
should be appreciated that , in at least some of the embodi 
ments of the invention , such as the embodiment depicted in 
FIG . 1 , the apparatus does not comprise , and need not 
comprise , any fans , sprays , dampers , bypass systems , or 
similar structures . Therefore , the apparatus permits tempera 
ture control of a gas stream , including an exhaust gas stream 
from a combustion turbine , in a relatively straightforward 
manner , without the need to install complex and potentially 
expensive auxiliary cooling systems , such as fan systems . It 
should further be appreciated that the apparatus is capable of 
attachment directly to a metal pipe through which a gas 
stream flows , including , but not limited to , a gas exhaust 
pipe of a combustion turbine . Attachment may be achieved 
through mechanisms familiar to one of skill in the art , 
including , but not limited to , screws , nuts , bolts , and the like . 
Therefore , the apparatus is compatible with existing indus 
trial structures , including pipe structures and pipe networks , 
without the need for specialized attachment mechanisms . 

What is claimed is : 
1. An apparatus for controlling a temperature of a gas 

stream , comprising : 
a first body having a first end and a second end and 

defining a passageway for passing a gas stream having 
a temperature from said first end to said second end , 
wherein said body defines at least one opening through 
which a second gas from outside of said passageway 

pass into said passageway ; and 
at least one second body attached to said first body 

adjacent to said at least one opening that moves 
between a first position and a second position , wherein 
said at least one second body closes said at least one 
opening at said first position and opens said at least one 
opening at said second position , thereby permitting the 

can 
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gas stream 

second gas to pass through said at least one opening 
into said passageway to change the temperature of the 
gas stream . 

2. The apparatus of claim 1 , wherein said first body 
comprises an outer surface defining the passageway , 
wherein said at least one opening comprises a plurality of 
openings in said outer surface , wherein said at least one 
second body comprises a plurality of shutters each movably 
connected to said outer surface and adjacent to a correspond 
ing one of said openings , and wherein each of said shutters 
opens inwardly into the passageway . 

3. The apparatus of claim 2 , wherein each of said plurality 
of shutters is configured to independently move to a plurality 
of positions between said first position and said second 
position , and wherein each of said plurality of positions has 
a corresponding flow rate of the second gas through each of 
said corresponding openings . 

4. The apparatus of claim 3 , further comprising : 
at least one control mechanism configured to open at least 

one of said plurality of shutters to at least one of said 
plurality of positions and configured to close said at 
least one of said plurality of shutters . 

5. The apparatus of claim 1 , wherein said first body is 
configured to attach to a first gas duct at said first end and 
to a second gas duct at said second end to pass the 
from the first gas duct through said passageway to the 
second gas duct . 

6. The apparatus of claim 1 , further comprising : 
a gas turbine having an exhaust gas outlet duct that is 

fluidly connected to said first body at said first end ; and 
a heat recovery steam generator that is fluidly connected 

to said first body at said second end . 
7. The apparatus of claim 1 , wherein said first end is 

configured to receive an end of a gas duct providing the gas 
stream ; wherein said at least one opening is defined between 
said first body and the gas duct ; wherein said first body is 
configured to slide between a first position and a second 
position ; wherein said second body comprises a collar 
attached to an inside surface of said first body that traverses 
said at least one opening and seals against an outer surface 
of the gas duct when said first body is in said first position , 
thereby closing said at least one opening , and that is sepa 
rated from the outer surface of the gas duct when said first 
body is in a second position , thereby permitting the second 
gas to pass through said at least one opening into said 
passageway . 

8. The apparatus of claim 8 , wherein said first body is 
configured to slide between a plurality of positions between 
said first position and said second position , thereby partially 
opening said at least one opening . 

9. The apparatus of claim 8 , wherein said first body 
comprises a cylindrical shape . 

10. The apparatus of claim 8 , further comprising : 
a gas turbine having an exhaust gas outlet , wherein the gas 

duct is fluidly connected to said exhaust gas outlet ; and 
a heat recovery steam generator having a gas stream inlet 

that is fluidly connected to said first body at said second 
end . 

11. The apparatus of claim 1 , wherein said first end of said 
first body is configured to receive an end of a gas duct 
providing the gas stream ; wherein said at least one opening 
is defined between said first body and the gas duct ; wherein 
said second body comprises a first collar attached to an 
inside surface of said first body that traverses said at least 

one opening and that defines a plurality of openings ; 
wherein the gas duct comprises a second collar disposed on 
its outer surface adjacent to said first collar that defines a 
second plurality of openings , each one of said second 
plurality of openings corresponding to one of said first 
plurality of openings , and wherein said first body is config 
ured to rotate between a first position at which said first 
plurality of openings is offset from said second plurality of 
openings and a second position at which said first plurality 
of openings is at least partially aligned with said second 
plurality of openings thereby permitting the second gas to 
pass through said at least one opening into said passageway . 

12. The apparatus of claim 12 , wherein said body is 
configured to rotate to a plurality of positions . 

13. The apparatus of claim 1 , wherein said first end of said 
first body is configured to receive an end of a gas duct 
providing the gas stream ; wherein said at least one opening 
is defined between said first body and the gas duct ; wherein 
said second body comprises a collar attached to an inside 
surface of said first body that traverses said at least one 
opening and that defines a plurality of openings and a 
plurality of shutters each movably connected to said collar 
and adjacent to a corresponding one of said openings , and 
wherein each of said shutters opens inwardly toward said 
passageway . 

14. An apparatus for controlling a temperature of a gas 
stream , comprising : 

a first body having a first end and a second end and 
defining a passageway for passing a gas stream having 
a temperature from said first end to said second end , 
wherein said body defines at least one opening through 
which a second gas from outside of said passageway 
can pass into said passageway ; and 

at least one second body attached to said first body 
adjacent to said at least one opening that moves 
between a first position and a second position , wherein 
said at least one second body closes said at least one 
opening at said first position and opens said at least one 
opening at said second position , thereby permitting the 
second gas to pass through said at least one opening 
into said passageway to change the temperature of the 
gas stream ; and 

at least one control mechanism configured to move said at 
least one second body between said first position and 
said second position . 

15. The apparatus of claim 15 , further comprising : 
a gas turbine having an exhaust gas outlet duct that is 

fluidly connected to said first end of said first body ; and 
a heat recovery steam generator that is fluidly connected 

to said second end of said first body . 
16. A method for controlling a temperature of a gas 

stream , comprising : 
passing a gas stream having a first gas temperature 

through a gas duct , wherein a portion of the gas duct 
comprises a first body having a first end and a second 
end and defining a passageway for passing the gas 
stream from said first end to said second end , wherein 
said body defines at least one opening , and at least one 
second body attached to said first body adjacent to said 
at least one opening to open and close said at least one 
opening ; 

moving said second body to open said at least one 
opening , thereby creating a gas pressure lower than a 
gas pressure of a gas outside of said passageway , 
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wherein said gas outside of said passageway has a 
second gas temperature different from said first gas 
temperature , and pulling the gas outside of said pas 
sageway into said passageway and into the gas stream , 
thereby changing the temperature of the gas stream . 

17. The method of claim 17 , further comprising : 
monitoring the first gas temperature of the gas stream ; and 
controlling a degree of opening of at least one of the 

plurality of openings in response to said monitoring . 
18. The method of claim 17 , wherein said gas duct 

comprises a inlet end and an outlet end , wherein said passing 
comprises passing the gas stream from a gas turbine to said 
inlet end of said gas duct and through said duct to said outlet 
end , and further comprising : 

passing the gas stream from said outlet end to a heat 
recovery stream generator . 

19. The method of claim 19 , wherein said passing the gas 
stream from the gas turbine is performed during a startup of 
the gas turbine . 

* 


